The effect of microstructure and chemistry of passive films on the kinetics of passive 24 layer growth and passivity breakdown of some Ti-based alloys, namely Ti-6Al-4V, Ti-6Al-7Nb and
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Refrigerated/Heating Circulator). The water, after being adjusted at 37 ± 0.1 o C, is allowed to circulate 95 through external jacket of the cell. The cover of the electrochemical cell has five openings with 96 different sizes. Such openings were designed to be fitted to the working electrode, counter electrode
97
(a long, coiled platinum wire), reference electrode (KCl-saturated calomel electrode, SCE), a 98 thermometer and a gas inlet/outlet for gas release. The reference electrode is placed in a Luggin 99 capillary, the tip of which is adjusted to be close to the working electrode to minimize iR drop. The
100
cell was connected to a Potentiostat (Autolab PGSTAT30). The test solution was a normal saline
101
(0.9% NaCl). A Millipore Milli-Q water system (18.2 MΩ cm) was used to freshly prepare the saline 102 solution. The salt was of analytical grade and purchased from Sigma-Aldrich.
103
Linear sweep voltammetry (LSV), Tafel plots, and EIS techniques were applied to investigate 104 the uniform corrosion characteristics of the studied alloys. The susceptibility of these alloys to 105 passivity breakdown was evaluated via conducting CP and CA measurements. Uniform corrosion 106 measurements were started by stabilizing the working electrode at the rest potential for 2 h,
107
followed by conducting EIS measurements at the respective corrosion potential (Ecorr) every day for a 
157
Similar to Ti-Al-V and Ti-Al-Nb alloys, the microstructure of TC21 alloy, Fig. 1 (c) , contains α 158 and β phases, but displays different morphologies and volume fractions. The TC21 alloy's β phase
159
consists of two shapes; the first one is acicular-like structure, Fig. 2 (a) , while the other one is a 160 blocky shape, Fig. 2 (b) . The thickness of the acicular β phase in the TC21 alloy's microstructure is 161 ranging from around 0.2 to 0.6 m, while the size extent of the blocky β phase is about 0.75 to 1.5 m.
162
Moreover, the volume fraction of β phase in the microstructure of TC21 alloy is higher than that in
163
the Ti-Al-V and Ti-Al-Nb alloys' microstructure, as depicted in the microstructure of Ti-Al-V alloy were 65% and 35%, respectively. Replacing V with Nb, yielding
176
Ti-Al-Nb alloy, resulted in an obvious enhancement in the volume fraction of  phase (increased to 177 77%) at the expense of that of the  phase, which decreased to 23%, as shown in 
187
alloying elements form  and  phases [5, 22] . 
203
The chemical composition of both phases in all microstructures of the investigated alloys was 204 analyzed using the EDS unit attached to SEM. The EDS spectrum recorded for β phase in the 205 microstructure of Ti-Al-V alloy is depicted in Figure S1 (b) (Supporting Information). The location
206
of the area of analysis is illustrated in Figure S1 (a). 
218
The line analysis through β phase is shown in Figure S2 (Supporting Information). The phase 
223
lower Ti and Al contents than the α phase, while it has higher amount of Nb compared to α phase.
224
The distribution of alloying elements such as Ti, Al and Nb in Ti-Al-Nb alloy is depicted in Figure S3 225 ( 251 252 
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280
In the Rietveld adjustment of the alloy Ti-Al-V, the hcpα-Ti (Space group 6 / ) together 281 with the bcc β-Ti (Space group Figure 5 illustrates the Tafel plots for the cathodic and anodic domains for the studied alloys in 300 comparison with pure Ti, after 7 days of immersion in 0.9% NaCl solution at 37 o C. Table 7 , which revealed that TC21 alloy recorded a jcorr value of 0.32 mA cm -2 , which is 940, 640, and 305 320 times greater than those measured for pure Ti (3.4 × 10 -4 mA cm -2 ), Ti-Al-Nb (5 × 10 -4 mA cm -2 ),
306
and Ti-Al-V alloys (10 -3 mA cm -2 ), respectively. These findings reveal that the rate of the uniform 307 corrosion of the studied alloys increases following the order: Ti < Ti-Al-Nb < Ti-Al-V << TC21. 
314

318
NaCl solution at 37 o C to confirm the polarization data and to assess the kinetics of the uniform 319 corrosion process on the surfaces of the tested alloys. Fig. 6 displays the impedance plots in Nyquist 320
projection, recorded for the studied alloys. Pure Ti (99.99%) was also included for comparison.
321
Plotting time of exposure on X-axis of impedance diagrams allowed for monitoring of uniform 322 corrosion susceptibility [31] [32] [33] . It can be observed that in each case the impedance spectra recorded
323
at day 1 (after initial 120 min of conditioning) were highly scattered due to non-stationary conditions
324
at the metal/electrolyte interface, which is a common problem in EIS measurements. This issue 325 became negligible after a few hours of exposure. For this reason, results recorded at day 2-7 will be Ti-6Al-7Nb alloy being more corrosion resistant than Ti-6Al-4V alloy, while the results obtained for
330
TC21 reveal gradual decrease of the impedance loop, corroborating DC electrochemical studies.
332 333
Figure 6 -Nyquist impedance plots recorded for the three tested alloys in comparison with pure Ti
334
at the respective Ecorr in 0.9 % NaCl solution at 37 o C. The changes in spectra shape with exposure 335 time (7 days) can be tracked on X-axis.
337
All impedance plots showed a single time constant (capacitive loop), which can be verified on 338 the corresponding Bode plots after 7 days of exposure (Fig. 7 ). An electric equivalent circuit ( 
348
The aforementioned capacitance dispersion may in particular originate from geometric 
372
The analysis of constant phase element (CPE) allows to draw conclusions on passive layer conditions. The presence of stable corrosion pits would be visible in a form of rapid increase in Ceff 380 [36, 37] (likely observed at TC21 alloy at day 4).
381
The initial value of CPE exponent n depends on factors such as surface phase distribution and 382 geometric defects remaining as a result of polishing. Its decrease throughout the exposure in 383 corrosive electrolyte reflects the appearance of heterogeneities on analyzed sample surface, which in 384 this case is primarily associated with initial phases of corrosion pits formation (see Fig. 8c ). This 385 effect is clearly seen on SEM micrographs further in the manuscript. Notably, the value of n factor of
386
Ti-6Al-7Nb alloy was both: the highest as well as the least affected by exposure in corrosive media.
387
The aforementioned observation indicates high surface homogeneity, which may be the reason 388 behind outstanding corrosion resistance of this alloy. 
425
A current intermission can be seen on the reverse scan of the three tested alloys. This current 426 discontinuity is quite clear on the reverse scan of the TC21 alloy, and can be observed for alloys
427
Ti-Al-Nb and Ti-Al-V in the inset of Fig. 9 (a1) 
442
Ti-Al-Nb alloy's passivity seems stronger and more stable that of the Ti-Al-V alloy, Fig. 9 (b) .
443
The latter is characterized by a higher jpass which enhances with potential till its Epit, which attained ~ 444 50 mV vs. SCE before that of the former. In addition, the pits existing on the surface of Ti-Al-V alloy
445
find it much more difficult to repassivate than those on the surface of Ti-Al-Nb alloy, as the 446 hysteresis loop of the former is much larger than that of the later.
447
Another important pitting corrosion controlling electrochemical parameter is the pitting 448 corrosion resistance, Rpit (Rpit = |Ecorr -Epit|), which defines the resistance against the nucleation of 449 new pits [38] . Referring to Fig. 9 (b) , it is clear that Rpit increases following the order: TC21 <<
450
Ti-Al-V < Ti-Al-Nb. The resistance against growth of the pits also controls the susceptibility toward 451 pitting corrosion. This can be evaluated via comparing the areas of the hysteresis loops formed 452 during the reverse potential scan of the cyclic polarization curves in its linear format, Fig. 9 (a1) . A 453 specific routine of the Software was used to calculate the areas of the hysteresis loops, related to the an almost constant passive current related to jpass (revisit Fig. 9 
477
Ti-6Al-7Nb; (3) Ti-6Al-4V; (4) TC21.
479
Further snooping of Fig. 10 (a) demonstrates that the rate of ja decay, and consequently the rate 
485
At the Ea value that is very close to Eb, Fig. 10 (b) , j/t curves with three different stages (I-III)
486
were obtained. Similar results were previously obtained in our lab [42, 44] 
525
Nevertheless, the passive layer must have weakened hence it was possible for corrosion 526 products to adsorb on the metal surface. EDS analysis was carried out for defects observed on each 
533
The chemistry of the passive layer in each examined case is composed primarily of titanium (IV) 
566
findings. Importantly, the highest amount of the adsorbed carbonate species was found on Ti-Al-V 567 sample surface, which is in very good agreement with SEM micrographs presented on Fig. 11 . The 568 least amount of carbonate species was once more found on the surface of Ti sample. 578 1. The microstructure of the investigated alloys consists of α matrix, which was 579 strengthened by β phase in all studied alloys except cp-Ti alloy.
570
580
2. The volume fraction of  phase in TC21 alloy is higher than in both Ti-Al-V and 581
Ti-Al-Nb alloys. In comparison with other alloys, Ti-Al-Nb alloy has the lowest volume 582 fraction of  phase.
583
3. Ti-Al-Nb alloy has the highest corrosion resistance among other alloys where it has the 584 lowest corrosion rate.
585
4. The addition of Nb alloying element at the expense of V in Ti-Al-V alloy decreased the 586 volume fraction of  phase, which improves the corrosion resistance of Ti based alloy.
587
5. The XPS results revealed adsorption of chloride and carbonate species on the surface of 588 the investigated alloys, which amount is the lowest for cp-Ti and Ti-Al-Nb alloys,
589
affecting the observed corrosion resistance.
590
6. Corrosion studies revealed that the uniform and pitting corrosion rates increase 591 following the sequence: Ti < Ti-Al-Nb < Ti-Al-V < TC21. 
